Abstract : The infrared spectra of chlorinatedand hydrogenated amorphous silicon have been measured. In add3tion to the hydrogen induced bands at 2110, 1990, 885, 840 and 640 cm-1, we observe two new modes at 545 cm-1 (Si-C1 stretching) and 500 cm-1 ( Si TO modes induced by chlorine). Observation of the 545 cm-l band proves that chlorine acts as a dangling bond terminator. Upon annealing, some of the Si-C1 groups transform into SiClq molecules (SiC14 stretching at 615 cm-1). A good agreement is found between the total amount of chlorine determined by electron microprobe analysis and the value estimated from the integrated strength of the Si-C1 stretching mode.
Introduction :
A great deal of attention has been given in the past to hydrogenated %or1-phous silicon because of its potential application as a solar cell material 111 111.
More recently, SHIMADA et al. established that fluorine is able to compensate the dangling bonds as hydrogen does 127. Moreover, MADAN has shown that ad.lition of fluorine in phosphorus doped materials results in a higher doijing efficiency and a lower resistivity never achieved in hydrogenatel amorphous silicon --/U.
Other halogens can be imagined as dangling bond terminators. Ho~ever, nothing has been reported until now about the role of chlorine in an amorpi~ous silicon matrix. In this paper, we report infrared absorption measurements in chlorinated and hydrogenated ainorphous silicon (a-Si : H, C1) and the first observation of chlorine related bands. We discuss their origin and infer that chlorine acts as a dangling bond terminator. The thermal stability of hydrogen and chlorine was investigated from annealing experiments.
Preparation of a-Si:H, Cl films:
Samples with thickness of lum were prepared on crystalline silicon wafers by glow discharge of a silicon tetrachloride (SiC14) and hydrogen mixture. The substrates were held at about 260°C. The power level was 0.2 watt/cm2 and the growth rate 3 81s. Our films contained 6 to 7% atomic chlorine as determined from electron microprobe analysis and 5% atomic bounded hydrogen as we shall see further. More information on the preparation conditions and properties of the films will be published elsewhere 157.
Absorption spectra : Two modes appear at low energy. The main band, located at 545 cm-I, has not been reported until now. We rule out the possibility of chlorosilane molecules SiClnH4-, (16n$4) indembbed in the matrix because either the SF-Cl stretching mode frequencies of these moZecules are too far from this value or their Si-d stretching modes are not visible in our infrared spectra. In figure 2 , we present the Si-Cl stretching frequency dependences of a number of SiClnX4-n molecules with the SANDERSON's electronegativity sip e,,a sum of X L + -~ atoms (X=F,I,Br,H). These frequencies cover a range from 621cm-1 (SiC14) to 498cm-1 (SiC13H stretching vibrational mode with a chlorine a<:om forriing a single bond with silicon. This is the first observation of frequency versus the electronegativity chlorine acting as a dangling sum of substituted elements in various bond terminator in a hydrogenachlorosilane molecules.
ted amorphous silicon matrix.
The band at 500 cm-I appears as a tail of the main band at 545cm-I (see insert of Fig.1) . Without discarding the presence of some Si-Cl symetric stretching mode due to a differznt configuration, we attribute this band to a TO optical phonon of the amorphous silicon matrix. Because of its large electronegativity, chlorine induces a charge transfer in its neighborhood. As a consequence, infrared inactive mode o f~n o n polar silicon becomes activated in chlorinated amorphous silicon.
Annealing experiments :
Isochronal annealings have been performed on a series of samples. Films were heated for 45 minutes in a purified H2 flow. The hydrogen bands remain constant up to 3200C and then decreases rapidly (Fig. 3) . The behaviour of the 2110cm-~ stretching mode with annealing is quite different from that of the 885cm-I bending modes of SiH2 groups. Hence, this band is partly due to species other than SiH2. The SiH stretching frequency is knownto depend on the electronegativity of substituted species. Following LUCOVSKY 171, we can estimate that the SiH stretching frequency in SiHCl and SiH H C1 configurations will be respectively 2100 and 2140cm-1. Consequently, we think that these species probably contribute to the 2110cm-~ absorption band.
The Si-C1 stretching band decreases also above 3200C but relatively more slowly than most of hydrogen induced bands. An interesting feature of this band is shown in the insert. Its corresponding frequency continuously shifts from 545cm-l to 578cm-1 as the annealing temperature increases from 260 to 6000C. This effect suggests a change in the configuration involved in-the Si-Cl stretching mode. Such changes have been observed in purely a :Si-H /6/ and interpreted as the result of Si-H bonds in acluster of four, pointing towards-the equivalent of a crystalline silicon vacancy. Because of the large size of chlorine atoms, we think that such clusters are unlikely. Figure 2 shows that the stretching mode frequency increases as silicon is replaced by hydrogen or chlorine atoms in the various possible configurations around a given silicon atom. We suggest that in unannealed samples, the dominant configurations are SiHCl or (and) SiH H C1. As the temperature increases, hydrogen and chlorine are released from such configurations which would favor the formation of SiC12 and Sic13 types of configurations. Such a view is supported by the following experimental fact. Above 400°C, a new band located at 615 cm-1 appears in our infrared spectra. It is interpreted as the asymetric Si-C1 stretching mode of SiC14 molecules formed in the matrix during annealing. Formation of SiF4 molecules have also been observed in annealing experiments of a-Si:H,F samples /27. ted Si-C1 absorption Sand at 545 cm-1. This is in good agreement with the6-7% determined from elec- Fig. 3 -Integrated absorption variation of tron microprobe analysis. The conthe Si-C1 and Si-H induced bands versus the centration of bounded hydrogen has annealing temperature.
been calculated from the integraded absorption of the Si-H wagging band at 540 cm-1 1-8 7. A value of 5% atomic has gee; found.
Conclusions :
From the observation of the Si-C1 stretching mode in i.r. absorption, we have established that chlorine is able to compensate the dangling bonds as fluorine and hydrogen do.
